Introduction
Lower respiratory tract infections (LRTIs), particularly pneumonia, are among the leading causes of mortality in children under 5 years of age worldwide (Liu et al. 2015:430-440) . Respiratory disease may cause increased volume and viscosity of pulmonary secretions, ciliary dyskinaesia and ineffective cough, which may impair pulmonary secretion clearance with subsequent sequelae related to airway obstruction (Fink 2007 (Fink :1210 (Fink -1221 . Physiotherapists can facilitate airway clearance using techniques that mobilise pulmonary secretions, known as airway clearance therapy (ACT) (Morrow 2019:1-12) . These techniques can be passive techniques, performed manually by the therapist (e.g. positioning, percussions and vibrations), or active techniques requiring cooperation (e.g. the active cycle of breathing technique, autogenic drainage and positive expiratory pressure techniques) (Morrow 2019:1-12) . Although ACT may be used in the clinical management of children with LRTIs, there is a lack of evidence regarding the safety and effectiveness of ACT in this population. In children hospitalised with pneumonia, contradicting results have been found regarding the effectiveness of ACT in this population (Abdelbasset & Elnegamy 2015:219-226; Corten et al. 2018 Corten, Jelsma & Morrow 2015:256; Lukrafka, Fuchs & Fischer 2012:967-971; Moura Da Silva et al. 2015 Paludo et al. 2008:791-794) . In children hospitalised with bronchiolitis, however, it is agreed that ACT should not be routinely applied (Caffrey Osvald & Clarke 2015:1-3; Figuls et al. 2016:CD004873) . A recently published state-of-the-art review concluded that ACT should not be performed http://www.sajp.co.za Open Access routinely in children with LRTI but rather treatment should be prescribed on an individualised basis following clinical assessment (Morrow 2019:1-12) .
There is little recent evidence available on current physiotherapy practices relating to the prescription, frequency and nature of ACT in children hospitalised with LRTIs, or investigating the adherence to guidelines. Furthermore, published data regarding adverse events associated with ACT in this context are also lacking.
This study aimed to describe the characteristics, health condition, course and outcome of children hospitalised with LRTIs at a tertiary paediatric hospital, with specific reference to the role and impact of ACT in these children.
Materials and methods
This was a retrospective folder review of routinely collected clinical data of children hospitalised at Red Cross War Memorial Children's Hospital (RCWMCH), Cape Town, South Africa, from January 2015 to June 2015, with a clinical diagnosis of any LRTI.
Participants
Children from birth to 18 years, admitted to any ward in RCWMCH, with any community-or hospital-acquired LRTI were eligible for inclusion. Folders were identified using primary diagnostic codes (ICD 10 codes) for a range of respiratory conditions or clinical signs of respiratory disease, and physiotherapy department records were used to identify patients who were referred for and/or received ACT during the study period.
Instrumentation
A standard pre-structured data extraction form, validated for content by two experts, was used to record data on demographic information, comorbid conditions, ACTs administered and any associated complications, and patient outcomes. No identifying information, except for folder number, was recorded during data extraction.
For cases with multiple admissions during the study period, demographic data were collected for the first admission only to avoid pseudo-replication. 
Data analysis

Ethical considerations
Institutional ethical approval (HREC 717/2015) was obtained from the Human Research Ethics Committee (University of Cape Town) for the study. The need for written informed consent was waived owing to the retrospective study design.
Results
In total, 1756 cases were initially identified, of which 399 folders were duplicates and 1357 folders were screened for eligibility ( Figure 1 ). Fifty-four folders were excluded as the child did not have an LRTI, and 93 folders were missing. Therefore, a total of 1208 patient folders were included in the descriptive folder review. Of these, 1038 patients (85.9%) were hospitalised once between January and June 2015. The remaining 172 (14.2%) were hospitalised multiple times during the study period.
Demographic characteristics
The demographic characteristics of the included children can be found in Table 1 .
Of the 35 HIV-infected children, 29 (82.9%) had received antiretroviral therapy prior to or at the time of admission. No information was available regarding antiretroviral therapy for the other six patients.
Health condition
Most hospitalisations were primarily for the management of bronchiolitis (46.0%), followed by pneumonia (36.5%), unspecified acute LRTI (10.0%) and other conditions (0.2%). No primary diagnosis of LRTI was documented in 106 (7.4%) cases; however, the discharge diagnosis included LRTI. After extensively reviewing the clinical course, these children were presumed to have developed nosocomial LRTI during their hospital stay.
Positive sputum or blood cultures were available in 245 admissions (17.0%). Table 2 presents the prevalence of associated organisms, for each diagnostic category, as identified on sputum or blood culture. One child in the category 'other' tested positive for respiratory syncytial virus (RSV) and cytomegalovirus.
The majority of children presented with tachypnoea and tachycardia on admission. Signs of respiratory distress were evident in 1361 hospitalisations (94.5%), with tachypnoea being the most common (81.6% of hospitalisations), followed by recessions (69.2%). Other signs of distress were alar flaring (23.5%), tracheal tug (8.5%), head bobbing (4.8%), cyanosis (0.4%) and feeding problems (0.4%). The median (IQR) temperature and peripheral oxygen saturation in room air at admission were 37.0°C (36.7°C -38.0°C) and 96.0% (94.0% -98.0%), respectively.
Children received non-invasive and/or invasive mechanical ventilation during 258 hospitalisations (17.9%) (one-hundred and fifty children were diagnosed with pneumonia, 51 were diagnosed with bronchiolitis, 40 were diagnosed with presumed nosocomial LRTI and 17 were diagnosed with unspecified LRTI). Continuous positive airway pressure was the most common form of ventilation (n = 234, 90.7%), followed by invasive intermittent positive pressure ventilation (n = 62, 24.0%), pressure control ventilation (n = 12, 4.7%), highfrequency oscillatory ventilation (n = 11, 4.3%), bilevel positive airway pressure (n = 11, 4.3%) and synchronised intermittent mechanical ventilation (n = 3, 1.2%).
The median (IQR) duration of ventilator support was 3.0 (2.0-5.0) days.
Twenty-five children (2.1%) had a known history of tuberculosis (TB). The episode of TB occurred at a median (IQR) of 8.2 (6.3-45.7) months prior to the first day of admission. Most children (82.1%) had not been hospitalised for a prior respiratory disease before their first admission during the study period. For those who were hospitalised previously, the most recent hospitalisations occurred at a median (IQR) of 8.9 (4.8-14.6) months prior to the index admission.
Of the total sample, 52.6% had one or more clinically significant comorbidity(ies) during at least one of the hospitalisations in the study period. Respiratory comorbidities were most common (17.6%), followed by cardiac (16.4%) and metabolic/nutritional comorbidities (13.9%). The common chronic and acute comorbidities (present in 10 or more children) are presented in Table 3 .
A significant association was seen between the primary diagnostic category and the presence of at least one chronic comorbidity (Yates X 2 = 170.5, p < 0.001) or acute comorbidity (Yates X 2 = 55.7, p < 0.001), with the highest proportion of comorbidities seen in children admitted with pneumonia.
Airway clearance therapy
In total, 108 cases were referred to the physiotherapy department (7.5%). Airway clearance therapy was given in 85 of these cases (5.9%) (forty-seven cases were diagnosed with presumed nosocomial LRTI, 22 were diagnosed with pneumonia, 14 were diagnosed with bronchiolitis and two were diagnosed with LRTI), with the majority of ACT interventions (75.9%) started during the first week of hospitalisation. Approximately, half the patients received bidaily treatment (49.4%), one received more than bidaily ACT (1.2%) and the remainder (47.1%) received daily ACT. Airway clearance therapies were performed for a median (IQR) of 3.0 (1.0-6.0) days per admission. Table 4 presents an overview of the ACT modalities performed. Transient desaturation occurred in six cases (7.2%) (three desaturated to levels between 85% and 89%, and three desaturated to below 85%), during or immediately after ACT: during positioning in left side lying (n = 2), suctioning (n = 1), suctioning and vibrations (n = 1), percussions and vibrations (n = 1) and breathing exercises in the sitting position (n = 1). One child presented with right upper lobe collapse more than an hour after ACT. No other adverse events associated with ACT were reported.
A significant association was found between the primary diagnostic category and whether or not ACT was given (Yates χ² = 312.5, p < 0.001). Airway clearance therapies were most often given for children hospitalised with presumed nosocomial infections and pneumonia, and least often in children admitted with bronchiolitis. Furthermore, children with bacterial organisms were more likely to receive ACT (Yates χ² = 158.3, p < 0.001).
The most predictive factors for receiving ACT were chronic respiratory comorbidities, neuromuscular disorders, history of previous hospitalisation for a respiratory condition and receiving mechanical ventilation during admission (50.0% of the ventilated patients received ACT). This final logistic regression model provided the best prediction with a -2 Log likelihood ratio of 514.1 (p < 0.001).
Patient outcomes
The median (IQR) length of hospitalisation was 2.3 (1.5-5.0) days, with a significant difference in the mean days of hospitalisation amongst the different diagnostic groups (p < 0.001 Forward stepwise multiple regression analysis was performed to identify factors that influenced the duration of hospitalisation. The final model accounted for 47.1% of the variance. Mechanical ventilation was the factor that influenced the length of hospital stay the most, explaining 19.4% of variance. It is also seen that children who received ACT stayed in hospital for longer (explaining 6.5% of the variance). Furthermore, chronic comorbidities were more predictive of a longer hospital stay than acute comorbidities (Table 5 ).
In total, 10 children (0.7%) died while hospitalised during the study period (Table 6) . A significant association between mortality rate and diagnostic category was found (Yates χ 2 = 45.5, p < 0.001). Mortality was higher for children who developed presumed nosocomial infections, followed by pneumonia, compared to other diagnostic categories. There was a significant association between delivery of ACT and mortality (Yates χ² = 41.96; p < 0.001).
Discussion
The majority of children admitted with LRTIs were younger than 1 year of age, male, HIV uninfected, and born at term, similar to other published studies (Forster et al. 2004:709-716; Hasan et al. 2014:e45-e52; Hatipoglu et al. 2011:508-516; Wolf et al. 2006:320-324 ). The disproportionate gender representation may relate to differences in sex hormones, influencing immune response through lymphocyte and macrophage function (Muenchhoff & Goulder 2014:S120-126) . Furthermore, male infants have narrower peripheral airways compared to female infants, possibly contributing to increased LRTI severity (Tepper et al. 1986:513-519) .
In our study, the primary diagnosis of bronchiolitis and pneumonia was made in 46.0% and 36.5% of cases, respectively. This is similar to previous studies that reported between 55% and 60% of in-patients as having bronchiolitis and 35% -45% diagnosed with pneumonia (Forster et al. 2004:709-716; Hatipoglu et al. 2011:508-516) . More viral than bacterial organisms were isolated. This confirms the results of a previous South African study, where human rhinovirus, RSV and adenovirus were most often identified in children with LRTI (White et al. 2016:443-445) . Hasan et al. (2014:e45-e52) reported that RSV was the most common viral agent, followed by rhinovirus. This is the same as our results, albeit in different proportions (19.5% and 18.7%, respectively, in Hasan et al.'s report compared to 44.1% and 38.0% here). A study conducted on Turkish children with viral LRTI also reported RSV as the main pathogen (55.6%) in children younger than 1 year of age, followed by parainfluenza, which was the most common viral isolate in older children (Hatipoglu et al. 2011:508-516) . We found Mycobacterium tuberculosis to be the most common bacterial organism (4.9%), followed by Klebsiella pneumoniae (4.5%). Another South African study reported Acinetobacter baumannii as the most common bacterial organism, followed by Klebsiella pneumoniae (20.6%) (Ghani et al. 2012:e275-e281) . Although our rate for Klebsiella pneumoniae identification was similar to that reported by Hasan et al. (2014:e45-e52 ) (4.1%), it was only the seventh most common bacterial agent in the latter study. Our study is limited by the low rate of available sputum/blood cultures, with no standardisation of sampling, potentially overestimating the proportions of some organisms whilst missing others.
Ventilator support was given during 17.9% of the hospitalisations. This proportion is higher than a previous report, where the proportion of children receiving mechanical ventilation was only 1.0% (Wolf et al. 2006:320-324 ). However, the study did not specify whether non-invasive ventilation was included, in addition to invasive mechanical ventilation (Wolf et al. 2006:320-324) .
One or more comorbidities were present in just over half the cases, with respiratory problems the most common, followed by cardiovascular disorders. In a study by Wang, Law and Stephens (1995:212-219) on Canadian children hospitalised with RSV LRTI, the proportion of comorbidities (22.6%) was lower than here (52.6%). This might relate to different methodologies and comorbidity selection (Wang et al. 1995:212-219) . Furthermore, we included any LRTI, not merely RSV LRTI.
Of the 5.9% of hospitalisations that received ACT, the majority of treatments were commenced in the first week of hospitalisation. However, seven children only received ACT more than 2 weeks after admission. Vibrations and modified postural drainage (excluding the head-down position) were performed most often, with 49.4% of the children receiving bidaily treatment. Airway clearance therapy is not recommended as routine management for children with bronchiolitis, by the American Association for Paediatrics, based on the results found in a systematic review by Figuls et al. (American Academy of Pediatrics 2014 Figuls et al. 2016:CD004873) . Although the National Institute for Health and Care Excellence agrees with this recommendation for most children, they do specify that ACT can be given to children with bronchiolitis with relevant comorbidities, if requiring ACT for facilitation of mucus clearance (Caffrey Osvald & Clarke 2015:1-3). In our study, ACT was given less frequently to children with bronchiolitis or unspecified LRTI, which conforms to the guidelines for the management of children with bronchiolitis.
In children with pneumonia, little evidence is available regarding the use of ACT as part of disease management. Two systematic reviews have been published, including up to three randomised controlled trials on this topic, without clear recommendations for or against the use of ACT in these children (Chaves et al. 2013:CD010277; Corten et al. 2015:256) . However, small benefits have been reported in other studies (Abdelbasset & Elnegamy 2015:219-226; Santos et al. 2009:23) , indicating the need for further research in this field. The children who were most likely to receive ACT were those with bacterial nosocomial infections or pneumonia and those with chronic comorbidities. Therefore, it is recommended that further research be conducted on the use and safety of ACT in children presenting with these conditions.
Adverse events of ACT are rarely mentioned and described in the literature, which was also the case in our study. Six children did, however, desaturate during ACT. One child presented with a lobar collapse more than one hour after ACT, and given the time delay, it is unlikely that this adverse event was directly related to ACT. Owing to the observation of desaturation during ACT, monitoring of peripheral oxygen saturation is recommended during the performance of ACT. A study on the use of ACT in children with bronchiolitis mentioned that no adverse events occurred; however, it is unclear as to which adverse events were under consideration (Postiaux et al. 2011:989-994) . As the rate of adverse events was low in our study and very little literature is available on this topic, ACT appears to be safe for use in children with LRTI, but this requires confirmation in prospective clinical studies.
Chronic comorbidities were the most likely predictors for receiving ACT during hospitalisation. Children with presumed nosocomial infections were more likely to receive ACT, followed by children hospitalised for pneumonia. These data, however, may have been biased because the majority of children classified as presumed nosocomial infections were included based on physiotherapy referral and not through diagnostic code search identification. In children hospitalised for pneumonia, multiple comorbidities were identified, for which ACT might be indicated. Children with positive bacterial culture were treated more often by the physiotherapists than children with viral isolates. No previous studies have investigated the association between ACT and isolated organisms; therefore, confirmation of the results in a larger prospective study is recommended.
Children were hospitalised for a median of 2.3 days; however, children with presumed nosocomial infections were hospitalised for a significantly longer duration (14.3 days).
In addition to clinical outcomes, cost prevention and high demands for hospital beds in lower-resourced countries could be contributing factors for short duration of hospital stay (Argent et al. 2014:7-14) . However, three randomised controlled trials on children hospitalised with pneumonia reported a median duration of hospital stay of six to eight days (Corten et al 2018 Lukrafka et al. 2012:967-971; Paludo et al. 2008:791-794) , which is similar to the duration of hospitalisation for pneumonia in our study.
The length of hospital stay was associated with whether or not children received ventilator support; had chronic heart conditions; received ACT, desaturation on admission; and had cerebral palsy, genetic disorder or acute comorbidities. In a study conducted by Rodriguez et al. (2014:269-276) , predictors for disease severity in children with RSV LRTI, partially based on length of hospital stay, were aged younger than 6 months, born prematurely, with a pre-existing lung disease or congenital cardiac disease. Our finding that receiving ACT was associated with increased duration of hospital stay may reflect the increased likelihood of receiving ACT in those who developed nosocomial infections (Green et al. 2015:305-312) .
However, the RCT by Lukrafka et al. also reported a median 2 days longer hospital stay in children who received ACT, compared to controls, which was not statistically significant, possibly owing to insufficient sample size (Lukrafka et al. 2012:967-971) . Other studies have not reported significant differences for length of stay when receiving ACT in children hospitalised with pneumonia (Corten et al. 2018 Paludo et al. 2008:791-794) . Prospective studies are recommended to confirm these results and to determine causality.
Pneumonia is still the most common cause for mortality in children younger than 5 years of age worldwide (Liu et al. 2015:430-440) . In our study, the overall mortality rate for children with an LRTI was low; however, a greater proportion of children with presumed nosocomial infection (5.7%) died. The mortality rate for children with a clinical diagnosis of pneumonia was 0.6%. These mortality rates, although slightly higher, are comparable to the rates found in children younger than 5 years hospitalised with acute LRTI in rural Thailand, with 0.3% overall mortality rate (Hasan et al. 2014:e45-e52) . All children included in our study, who died during the study period, presented with multiple comorbidities and seven of the 10 children were older than 4 years of age. The cause of death could therefore be multifactorial and not solely attributed to LRTI. Airway clearance therapy was associated with an increased mortality rate, which has not been previously reported. However, causality cannot be determined on the basis of this study design. Considering most children admitted with pneumonia had comorbidities, this may explain the higher mortality observed in this group.
Conclusion
This study revealed that a relatively small proportion of children with LRTI received ACT. Airway clearance therapy was mostly applied in children with presumed nosocomial infections, followed by pneumonia. Given the paucity of high-level evidence, ACT is therefore used in clinical practice based on physicians' and physiotherapists' expert opinion. It is therefore recommended that more research regarding ACT in children with nosocomial infections and pneumonia be conducted. This is particularly important considering that the duration of hospitalisation was longer and the mortality rate was higher in children with nosocomial infections and pneumonia, compared to those admitted with other LRTIs, especially bronchiolitis.
This study also found that ACT, as performed at this research site, appears relatively safe to perform in children with LRTI. However, the study was not designed or powered to determine safety, and further prospective, controlled clinical trials are recommended to confirm this finding. It is recommended that peripheral oxygen saturation be continuously monitored during ACT, in order to promptly identify desaturation and implement appropriate management.
As more than half the children included in this study presented with comorbidities, research is warranted to investigate the use of ACT in children hospitalised with LRTI and comorbidities, both chronic and acute.
